The changing composition of phytoplankton communities was followed in 2 high latitude temperate lakes, Esthwaite Water and Windermere (North Basin), by a novel presentation method applied to ratings of semiquantitative abundance, distinguishing the most abundant component as "dominant," with the merits of rapidity and summary potential. Regular or irregular seasonalities were tested by sums of total sampling occurrences in successive weeks-of-year. Results for occurrence ranged from regular seasonality (e.g., the diatom Asterionella formosa) to widely diffused multiseasonal ("opportunistic"; e.g., Cryptomonas spp.) or aseasonal persistence (e.g., Aphanizomenon flos-aquae). Some abundant species occurred in abundance in blocks of adjacent years, between which was apparent discontinuity. Such discontinuity was in part related to known species-specific epidemics of fungal or protozoan parasitism (e.g., on Ceratium spp.) Conversely, dominance in adjacent years was likely to be favoured by over-winter survival in plankton or benthos from a prior year dominant (e.g., Aphanizomenon flos-aquae; Esthwaite Water 1982-1983 and perennating benthic stages such as cysts (Ceratium). Also distinguished were short periods of rapidly changing dominance, often involving cryptomonads, indicative of diverse prior competing subdominants at considerable concentration. One such period was marked by high consumption by Daphnia spp. in an annual clearwater phase.
Introduction
Freshwater phytoplankton has long been known to show, as periodicity, sequences of abundant species that are often seasonally aligned and variable in duration. The resolution of such sequences, recently amplified in relation to climate change (e.g., Thackeray et al. 2008) , is normally based on quantitative population counts, preferably over periods of many years. The following contribution develops an alternative and complementary approach using successive weekly ratings of dominant or codominant species without conducting actual microscope counts. As such, this approach has potentially wide application to derived semiquantitative ratings of phytoplankton abundance in inland waters worldwide as well as for some other organisms and ecosystems and could be applied retrospectively on collections of well-preserved samples. A close relationship to objective and independent microscope counts was previously demonstrated in a single 3-year record on a small English upland lake (Talling and Parker 2002) . Here, the method was applied to successive weekly records of rated dominant or codominant species, made over 16-20 years, used to quantitatively locate component dominance on a seasonal time scale and assess durations and yearly contiguity of dominance. These features were examined comparatively for one deep and one adjacent shallow English lake, both of which share many species but are subject to dissimilar stocks of nutrients and seasonal durations of stratification. Both lakes have a background of quantitative study of phytoplankton and environmental factors since 1945; many published sources are cited by Talling (1999) and McCullough et al. (2008) . DOI 
Methods
Records of phytoplankton constituents (excluding picoplankters) judged subjectively as dominant or codominant were made (originally as a qualitative "current awareness service") on iodine-sedimented phytoplankton samples collected weekly from Esthwaite Water and Windermere North Basin. About 5 mL aliquots of samples collected by a vertical tube over most of the euphotic zone (0-5 m in Esthwaite Water and 0-7 m in Windermere North Basin) were examined under an inverted microscope (Lund et al. 1958 ). Ratings of dominance by relative contributions to community cell volume were subjective and necessarily made under relatively low microscope magnification, with species identification supplemented by other records. "Dominants," the most abundant components, were separated from 3 other abundance classes rated as "common," "occasional," and "rare" according to the decreasing ease of encounter when scanning a sedimented sample, with allowance for biovolume of individual components. The smaller microalgae (<6 µm) and mucilaginous colonial green algae such as Dictyosphaerium were treated in aggregates. In samples with >1 perceived codominant, each was given proportionately lesser weighting (e.g., one-half for 2, one-third for 3). Dominants were given the score 1.
The long-term averaged percent dominance of each component for each week-of-year was computed as follows. Ratings given for a constituent were summed for a given week-of-year and the sum expressed as a percentage of the total possible for sampled occasions over the years involved. This period was either 16 or 20 years, the longer period being applicable to weeks-of-year 15-29 in Esthwaite Water. Occasionally sampling was not regular (here weekly), and hence some weeks-of-year had fewer samples. Winter periods with generally low total algal abundance, weeks 1-8 and 48-52 in Esthwaite Water and weeks 1-14 and 49-52 in Windermere North Basin, were excluded from analysis. All ratings of dominants were made by the same observer. Dates with omitted sampling (those with irregular distribution), accounted for 6.1% of the total potential week occasions, a low proportion compared to such irregularity in many other sampling series for phytoplankton, for which this factor -and intervals of long duration between sampling -must be taken into account.
An example can illustrate the mode of calculation. For Esthwaite Water and week-of-year 17 (mid-April), over the 20 years of records the maximum sum of potential possible records for a phytoplankton component as single dominant throughout was 20. For example, the diatom Asterionella formosa was recorded as the single dominant on 10 occasions and as 1 of 2 dominants on 4 occasions. Its summed long-term occurrence is then [1 (10) + 0.5(4)] = 12, or 60% of the maximum possible.
The lakes
Two adjacent lakes, Esthwaite Water and Windermere North Basin, were sampled at offshore stations (Fig. 1) . Their maximum depths are 15 and 64 m, respectively. Their location at latitude 55°N results in a wide relative seasonal range (mean maxima to minima ratio of 11/1) of short wave solar radiation, but an oceanic climate normally excluded prolonged ice cover. The seasonal temperature range was typically within 0 to 20 °C, resulting in a density stratification with thermocline typically from May to September (Esthwaite Water) or November (Windermere North Basin). Corresponding vertical changes occurred in the density of the total phytoplankton (examples in Talling 1993), which also shows seasonality with maxima in spring and summer. These seasons showed pronounced nutrient depletion (Si, PO 4 -P, NO 3 -N), with highest concentrations occurring in mid to late winter and markedly greater in eutrophic Esthwaite Water than in mesotrophic Windermere North Basin. Further information on the general limnology can be found in Macan (1970) and the summary compilation of Talling (1999) . 
Results
Seasonality of dominance was tested for principal components of phytoplankton ( Fig. 2 ; listed for both lakes in Table 1 ) in Esthwaite Water. The summed total representation over successive weeks-of-year was represented as a percentage of the maximum possible occurrence over the years involved. The corresponding data for Windermere North Basin were also compiled (Fig. 3) . Magnitudes reflect relative representation rather than absolute abundance, although these measures are strongly correlated, particularly because low total abundances of winter are largely excluded.
The various species or species groups clearly differed considerably in their seasonal representation as dominants or codominants in both lakes. This representation varies from late autumn to early spring (Aulacoseira subarctica), spring (Asterionella formosa), early summer (the chrysomonads Dinobryon divergens and Uroglena americana), summer-autumn (Tabellaria flocculosa var. asterionelloides, Ceratium spp., and colonial gelatinous green algae, including the former aggregate Sphaerocystis schroeteri Chodat), and autumn (Aphanizomenon flos-aquae). The seasonal extent was particularly wide in Cryptomonas spp., in the blue-greens Aphanizomenon flos-aquae and Tychonema bourrellyi Agnostides et Komárek (formerly Oscillatoria bourrellyi Lund), and the aggregate of small (<6 µm) microalgae (in the sense of Lund 1961), of which the cryptomonad Plagioselmis nannoplanktica (Skuja) Navarino, Lucas et al. (formerly Rhodomonas minuta Skuja) and Chlorella spp. are common constituents. Differences in timing of dominants in the 2 lakes, shallow and deep, likely result from differences in timing of influential environmental factors, including the onset of spring stratification, autumnal mixing (overturn), their influence on the light climate experienced by vertically circulating phytoplankters, and relevance for nutrient transfers associated with autumnal mixing after a variable summer depletion. Autumnal mixing is invariably completed much earlier in Esthwaite Water (Sep) than in the deep Windermere North Basin (Nov) and therefore allows relatively later growing conditions of illumination and nutrient supply. A common consequence, from estimates of chlorophyll a over 24 years by Talling (1993) , was a detectable autumnal post-overturn pulse of total phytoplankton during some years in Esthwaite Water but not in Windermere North Basin. Lund (1972) earlier examined the composition of this pulse relative to that of preceding summer assemblages. In the present year-sequence, the phytoplankters Aphanizomenon flos-aquae, Cryptomonas spp., and Trachelomonas sp. were positively involved. In contrast, deeper and wind-influenced autumnal circulation and final destratification led in both lakes (but especially in Esthwaite Water) to a major decline of motile Ceratium spp. associated with abundant cyst production (Heaney et al. 1988) .
Yearly succession of some individual dominants (unrepresented in Fig 2 and 3 , but shown in Fig. 4 and 5) and examples of shorter-term monthly sequences within individual years provide trends of species seasonality ( Fig. 2 and 3 addition, several species introduce a second pattern of occurrence in time, essentially consisting of extended occurrence over several seasons combined with multi-year occurrence in a few, often contiguous, years. This contiguity of seasons and years suggests extended availability or immigration of inocula that persisted between adjacent years, although it can also arise in successful seasonal dominants such as Asterionella formosa. Examples are seen with the blue-greens Aphanizomenon flos-aquae in Esthwaite Water (Fig. 4) and Tychonema bourrellyi in Windermere North Basin (Fig. 5) as well as its South Basin (Heaney et al. 1996) . In some years these species extended as dominants over several seasons, such as Aphanizomenon flos-aquae in Esthwaite Water in 1986 and 1989 (Fig. 4) and Tychonema bourrellyi in Windermere North Basin in 1981 Basin in , 1982 Basin in , 1984 Basin in , 1987 Basin in , and 1988 (Fig. 5) . From another group, the dinoflagellate genus Ceratium, species C. hirundinella and C. furcoides, appeared extensively in Esthwaite Water during 1974 to 1977 (Fig. 4) , after which it was largely replaced by Aphanizomenon flos-aquae.
A direct transition from an extended seasonal one-species-dominant state to another could occur, as in Esthwaite Water year 1976, weeks-of-year 18-20, when the spring dominance of Asterionella formosa gave way to the summer succession summarised for Esthwaite Water by Talling et al. (2005) . Frequently, however, a relatively short intermediate involved the participation of 3 or more codominants, after which a single successor dominant took over. Thus, there was a third type of floristic change with both season and year, introduced by periods of rapid alteration or co-occurrence in multiple dominants or codominants, separated by periods of prevalence of one or a few species. Eligible species include Cryptomonas spp. and microalgae (especially the cryptomonad Plagioselmis nanoplanktica) in any season, or the diatoms Fragilaria crotonensis and Tabellaria flocculosa var. asterionelloides that in summer can become more prevalent in response to vertical mixing with reduced temperature and wind-induced weakened stratification (Heaney and Butterwick 1985) . Many examples of transient multidominants exist in the sequences from both lakes (Table 2) , including some major long-term seasonal dominants such as Asterionella formosa (spring) and Ceratium spp. (summer; Fig. 4 and 5) . 
Discussion
The present method has the disadvantage of being founded on a subjective rating of dominant or codominant species gauged as contribution to biomass. Because most records involved considerable absolute abundance, the species involved are likely to have dynamics influenced by their own density-dependence and competitive exclusion. The seasonalities here defined are generally those expected from previous local experience based on autecology and quantitative counts of prominent species, for which there is considerable literature. The present study provides a broad perspective, amplifying a previously limited study of spring to summer succession in Esthwaite Water ). The present results do not clearly show the transition through winter, but, for the years involved, examples of complete phytoplankton cycles can be seen for Esthwaite Water in Heaney and Butterwick (1985) , Heaney et al. (1988), and Canter et al. (1990) .
There are similarities and deviations from some generalized schemata of typical seasonal sequences in temperate lakes. Thus, the widely quoted scheme of Sommer et al. (1986) has a similar sequence of spring diatom maximum (in the present lakes mainly Asterionella formosa), followed by maxima of chrysomonads and colonial mucilaginous green algae. Sommer et al. (1986) ascribes the decline of the spring diatom maximum to grazing by zooplankton, however, whereas the present examples of the spring decline of diatoms were primarily set by nutrient (soluble reactive silicon) depletion under continued irradiation (e.g., Lund 1950 , Neale et al. 1991 ). The present feature of extended and often year-contiguous multiseasonal blocks of dominance was also not explored by Sommer et al. (1986) . In some waterbodies, such dominance may extend to long periods, as for the filamentous blue-green Planktothrix agardhii in shallow Lough Neagh, Northern Ireland (Gibson et al. 2000) , despite a considerable environmental seasonality inevitable at latitude 55°N. Elsewhere, prolonged dominance may be eliminated by short hydrological retention time, as in many small waterbodies (Brook and Woodward 1956) . A regular seasonal variation of retention time can even dominate phytoplankton periodicity, as in reservoirs of the Nile system (Talling and Prowse 2010) .
The present study is consistent with classical issues of autogenic (species induced) versus allogenic (environment induced) species succession, applied by, for example, Reynolds (1988) to the same lakes. Other work in selective plankton parasitism and grazing by fungi and protozoa (possibly also virus infection; Heaney et al. 1996) has indicated probable causes and limitations of some common species as dominants. The epidemiology of diseases in phytoplankton ecology is poorly understood but has greater importance for algal species such as Ceratium spp. with slow growth rates than, for example, diatom species with rapid growth rates such as Asterionella formosa. For these species, annual recurrence is compatible with repeated episodes of chytrid fungal parasitism. The present time series showed limitations from parasitism with Microcystis aeruginosa, when on 12 October 1971 in Estwaite Water ~60% of colonies were parasitized by the chytrid Chytridium microcystidis (Heaney et al. 1986 (Heaney et al. , 1988 . For the same lake, populations of Ceratium spp. were 82% parasitized from 1982 to 1987 (for exact dates see Heaney et al. 1988) , by which time the annual maximum density of Ceratium spp. had shrunk to small numbers, in striking contrast to the large populations present in the 1970s and early 1980s (Canter and Heaney 1984 Canter et al. (1990) . These limitations account for some year-scale absences in the occurrence as dominants in Esthwaite Water (Fig. 4) Further, dominance in blocks of contiguous years may be favoured by the known existence or probability of perennating benthic phases (e.g., cysts) in species such as of Ceratium and some blue-greens. An exceptional multiseasonal extension of dominance can also result from overwinter survival in quantity of planktonic occurrence, as was likely for Aulocoseira subarctica in Windermere North Basin during 1967 (Talling 1993 ) and for Aphanizomenon flos-aquae in Esthwaite Water during 1982-1983 and 1987-1988 (Fig. 4) . The last sequence was also shown by population counts plotted over time (figure 6 in Canter et al. 1990) for Esthwaite Water and the nearby Blelham Tarn, in which the longer retention in the former lake allowed a greater retention of Aphanozomenon flos-aquae, with a subsequent spring bloom the following year when the temperature was sufficient.
The third type of succession with transient codominants implies an immediately prior existence of considerable population densities of multiple nondominants, a diverse set of species that can readily take on the status of dominants. This succession could occur either by their own growth or by decline in a prior dominant that gives rise to relative prominence and possibly, by biomass decay, to a liberation of nutrients.
One such transition involving the cryptomonads cited above regularly appears in both lakes, but most markedly in Esthwaite Water, during an early summer clearwater phase. Consumption of transient dominants then supports a major biomass transfer to an annual maximum of Daphnia spp. (George et al. 1990 , Talling 2003 . This important event usually links exceptional water clarity with consumption of transient algae. Further, the earlier and now classic work of Jan Fott (e.g., Fott 1979) on the clearwater phase in Czechoslovak fish ponds also pointed to cryptomonads as key intermediates in a trophic transfer. We suggest that cryptomonads probably have a major role in the successional transfers documented in the present study. Possible relevant features from the English Lakes are the wide seasonality of Cryptomonas spp. (also illustrated by Feuchtmayr et al. 2012) , the inability of Lund (1962) to recognise any clear relation to limiting factors in the periodicity of the common but neglected cryptomonad Plagioselmis nanoplanktica (then known as Rhodomonas minuta Skuja), and the wide temperature tolerance found experimentally in Cryptomonas marssonii (Butterwick et al. 2005) .
